Introduction
============

Lung cancer, or bronchogenic carcinoma, is a malignant tumor originating in the bronchial mucosa. It includes non-small cell lung cancer (NSCLC) and small cell lung cancer. NSCLC, which can be further divided into adeno-squamous cell, adenosquamous and large cell carcinomas, accounts for 85% of all the cases of lung cancer ([@b1-ol-0-0-6910]). In recent years, the incidence of lung cancer has been increasing all over the world and lung cancer is one of the main causes of death by malignant tumors. In some developed areas of countries including some in China, the incidence of lung cancer has ranked first among all malignant tumors ([@b2-ol-0-0-6910]) and at least 100 million deaths are caused by lung cancer every year ([@b3-ol-0-0-6910]). The treatment of lung cancer is still based on a combination of surgical resection and chemotherapy. The five-year survival rate of the patients is no more than one third; with the survival time of advanced lung cancer patients being even shorter and a median survival time spanning only 8 to 12 months ([@b4-ol-0-0-6910]). Distant metastasis and a postoperative high recurrence rate are the main factors leading to the death of patients with lung cancer ([@b5-ol-0-0-6910]). Surgical resection of the lesion is the main treatment method for patients with stage I NSCLC, however one-third of patients will have a relapse within five-years after surgery. Systemic metastasis causes most postoperative recurrences and distant metastasis can also occur in patients with early clinical stage disease ([@b6-ol-0-0-6910]). The process of malignant tumor metastasis is very complex. It has been confirmed that the invasion of peripheral blood circulation by tumor cells is one of the main ways of distant metastasis dissemination ([@b7-ol-0-0-6910]). Circulating tumor cells (CTCs) are tumor cells found in the peripheral blood circulation, their shedding from the primary solid malignancy can be spontaneous or caused by medical treatment ([@b8-ol-0-0-6910],[@b9-ol-0-0-6910]). It has been reported that the presence of CTCs is closely related to the prognosis of NSCLC ([@b10-ol-0-0-6910]--[@b12-ol-0-0-6910]). In this study, we investigated the correlation between the detection rate of CTCs during the early postoperative period with age, sex, where T represented tumor size; N, lymph node metastasis degree; and M, the presence of distant metastasis TNM stage and pathological type of patients with NSCLC, so as to provide a theoretical basis for the development of individualized treatment strategies for the patients.

Materials and methods
=====================

### General information

Patients diagnosed with NSCLC were selected during their hospitalization in the Affiliated Hospital of Guangdong Medical University, from a period starting in April 2016 until April 2017. There were 35 males and 34 females and their ages ranged from 28 to 80 years with an average of 58.13±20.15 years.

Inclusion criteria included patients with NSCLC confirmed by histopathological examination who had not received any radioactive or antitumor drug treatments and who signed informed consent forms.

Patients without histopathological diagnosis of NSCLC or those with a history of other types of malignant tumors were excluded from the study, as well as patients who received radiotherapy and/or chemotherapy before surgery; those with more than one surgical treatment, patients with postoperative recurrences or those who refused to cooperate with the treatment.

In cases were patients decided to withdraw from the study or if they had to be transferred to another hospital a 1:1 ratio (response measure:supplement) was maintained enrolling new patients by following the inclusion and exclusion criteria.

Medical ethics: All patients or their family members signed informed consent forms; the treatment safety of the patients was ensured by adhering to relevant principles of clinical guidelines; all diagnosis and treatment records were kept confidential to protect the privacy of patients.

In order to conduct a double-blind trial the researchers were divided into four groups. Group 1 was responsible for the patient\'s screening and grouping; 2, performed the treatment; 3, undertook observation and data collection; and 4, the statistical analysis and manuscript writing. Also, the experimental grouping was kept strictly confidential and the operations of each of the four researcher groups were unknown to the others.

### Methods and testing principles

For sample collections, 10 ml of blood were extracted from the median cubital vein of each patient and transferred to an EDTA anticoagulant tube. The samples were fully mixed and kept in storage at room temperature for 30 min.

In order to perform human peripheral blood CTC enrichment, nanotechnology was used for red blood cell lysis. After centrifugation, the supernatant was discarded and the pellet was filtered, followed by fixation in formaldehyde solution for 1 h.

### Multiple mRNA in situ analysis to identify the enriched CTCs

After incubation with permeabilizer for 5 min and with digestive enzyme for 1 h, the probe solution was added, followed by incubation at 40°C for 3 h. Next, pre-amplification, amplification and colorization solutions (Beyotime Biotechnology, Nanjing, China) were added in that order, followed by incubation at 40°C for 0.5 h. The anti-fluorescent quenching reagent (Biosharp, Hefei, China) was then added and results were observed 5 min later.

### Criteria for TNM staging and histological typing

The results of postoperative pathological examination and imaging of 69 NSCLC patients were analyzed for clinical TNM staging. The histological type was determined by a pathologist. Results showed that, among the 69 patients with NSCLC, there were 16 cases of squamous cell carcinoma; 48, of adenocarcinoma; and 5, of large cell carcinoma.

### Statistical analysis

The data in this study were all analyzed by SPSS20.0 statistical analysis software (IBM, Armonk, NY, USA). Countable data are expressed as percentages (%). χ^2^ test was performed and a P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Correlation of age and sex of patients with detection rate of CTCs

Data of CTCs detection numbers in different age and sex groups showed that 36 of the 38 patients aged over 55 were positive, and only 2 were negative; also 22 of the 31 patients aged below 55 were positive and 9 were negative. The positive rate of CTCs was significantly higher in patients over 55 years than in those younger than 55 (94.74 vs. 70.97%, P\<0.05). Then, from the 36 male patients, 30 were CTC positive and 6 were negative, and of 34 female patients, 29 were CTC positive and 5 were negative. No significant difference was found in CTC positivity between male and females (85.71 vs. 85.29%, P\>0.05) ([Tables I](#tI-ol-0-0-6910){ref-type="table"} and [II](#tII-ol-0-0-6910){ref-type="table"}).

### Correlation between the detection rate of different types of CTCs with tumor size

No significant differences in the detection rate of epithelial and mixed type CTCs were found amongst patients with different T stages (T1, T2, T3 and T4) (P\>0.05). However, the detection rate of mesenchymal CTCs increased with higher T stages (P\<0.05) ([Table III](#tIII-ol-0-0-6910){ref-type="table"}).

### Correlation between the detection rate of different types of CTCs with lymph node metastasis

No significant differences in the detection rate of epithelial and mixed type CTCs were found among patients with different N stages (P\>0.05), but the positive rate of mesenchymal CTCs increased with higher N stages (P\<0.05) ([Table IV](#tIV-ol-0-0-6910){ref-type="table"}).

### Correlation between the detection rate of different types of CTCs with the presence of distant metastasis

No significant differences in the detection rate of epithelial and mixed type CTCs were found among patients with different M stages (P\>0.05). Nevertheless, the positive rate of mesenchymal CTCs was significantly lower in patients with M0 stage than in patients with M1 stage (32.08 vs. 60.00%, P\<0.05) ([Table V](#tV-ol-0-0-6910){ref-type="table"}).

### Correlation between the detection rate of different types of CTCs with pathological stages

No significant differences in the detection rate of epithelial and mixed type CTCs were found among patients with different pathological stages (I, II, III and IV), P\>0.05, but the positive rate of mesenchymal CTCs increased with each higher pathological stage (P\<0.05)([Table VI](#tVI-ol-0-0-6910){ref-type="table"}).

### Correlation between the positive rate of CTCs with different pathological types

Among the 48 cases of adenocarcinoma, 40 were CTC positive and 8 were negative. Among the 16 cases of squamous cell carcinoma, 14 were CTC positive and 2 were negative. Among 5 cases of large cell carcinoma, 1 was CTC positive and 4 were negative. There were significant differences in the positivity rates of CTCs among patients with three different pathological types of NSCLC (P\<0.05) ([Table VII](#tVII-ol-0-0-6910){ref-type="table"}).

Discussion
==========

Among all malignant tumors, the morbidity and mortality rates of lung cancer remain some of the highest. Furthermore, in recent years, the incidence of lung cancer has shown an increasing trend. While the incidence rate for males in China is still lower than that in some developed countries, the incidence for females has reached the levels of developed countries ([@b12-ol-0-0-6910],[@b13-ol-0-0-6910]). CTC invasion is one of the major factors leading to distant metastases of malignant tumors ([@b14-ol-0-0-6910],[@b15-ol-0-0-6910]). Reports have confirmed that epithelial-mesenchymal transitions (EMTs) can occur in CTCs ([@b16-ol-0-0-6910]). Gene expression profiles (epithelial mesenchymal markers, transcription factors) of CTCs change during EMTs and so does the morphology and mobility of the cells ([@b17-ol-0-0-6910]). CTCs that undergo EMT may have characteristics known to stem cells. Tumor cell invasion and migration abilities can be induced by changes in adhesion affinity, which in turn lead to increased survival rates of CTCs in peripheral blood and easier access into other organs and tissues, resulting in the establishment of metastatic lesions ([@b18-ol-0-0-6910]). Therefore, EMTs are important in recurrences and metastases by CTCs ([@b19-ol-0-0-6910],[@b20-ol-0-0-6910]). CTCs with stem cell characteristics have been found in malignant tumors of breast, liver and lung cancers and it has been confirmed that recurrences and metastases of malignant tumors are mostly caused by tumor stem cells ([@b21-ol-0-0-6910]). A relationship between drug resistance to cancer treatments and the presence of CTCs has also been described ([@b22-ol-0-0-6910]).

In this study we found no correlations between the detection rate of epithelial and mixed type CTCs with tumor size, presence of lymph node metastasis or distant metastasis (TNM stages), P\>0.05. However, the detection rate of mesenchymal CTCs, correlated with higher TNM stages indicating that mesenchymal CTCs are closely related to the clinicopathological stages of NSCLC. According to a study, it has been reported that the genotypic characteristics and phenotypic expression profiles of primary tumor cells are very different from those of metastatic tumor cells ([@b23-ol-0-0-6910]). It is worth noting that the positive rate of mesenchymal CTCs in patients without distant metastases was 32.08% and it was inferred that, as opposed to conventional imaging methods, monitoring CTCs may be useful for the early diagnosis of micrometastasis. Monitoring the CTCs in peripheral blood can be helpful for the detection of recurrence and metastasis, which should contribute to the improvement of follow-up treatment programs, thereby increasing the survival rates. The detection of changes in CTCs before and after surgery or chemotherapy could be used for the early diagnosis of metastasis and recurrence of lung cancer and his would have a far-reaching impact on the evaluation of the sensitivity of the treatment program, clinical staging of early lung cancer, efficacy of individualized treatment and prognosis.

Different types of CTCs cause various degrees of malignancy. Regardless of the number of CTCs, their molecular characteristics and different types may have more critical effects on tumor metastases ([@b24-ol-0-0-6910]). Therefore, detection of the CTC molecular characteristics should be useful in predicting metastasis and recurrence of cancers, which in turn would improve the treatment plan. After surgical removal of a primary tumor, a certain number of CTCs survive in peripheral blood. Most of the CTCs in peripheral blood can be eliminated by drug treatment and the immune response, but a small amount of CTCs, especially mesenchymal CTCs, may not be cleared due to their drug resistance or immune system escape ([@b25-ol-0-0-6910]) and small lesions may form in other organs and tissues ([@b26-ol-0-0-6910]). It has been speculated that the existence of mesenchymal CTCs in peripheral blood can promote metastasis and recurrence of cancer and increases the degree of malignancy ([@b27-ol-0-0-6910]).

Among the 5 patients with large cell carcinoma in this study, only one of them showed CTC positivity. This finding is contrary to the hypothesis that the poorly differentiated and highly malignant larger cell carcinoma results from high levels of CTCs. This may be explained by the unique genotypic changes that are characteristic of large cell carcinomas, which are different from those of adenocarcinoma, squamous cell carcinoma and other types of lung cancers. For example, some of the CTCs found in large cell carcinomas express the characteristic genes of 'multifunctional precursor cells' ([@b28-ol-0-0-6910]). So those CTCs cannot be effectively detected by the method used in this study.

In summary, our results support the use of CTC detection as a method to diagnose latent micrometastases in early lung cancers in order to aid in prognosis and treatment planning ([@b29-ol-0-0-6910],[@b30-ol-0-0-6910]). So this method should be popularized in clinical practice. However, further studies with large numbers of patients are needed to validate the accuracy of the CTC detection method and improve its accuracy.

###### 

Comparison of CTC detection rate between the age groups of NSCLC patients.

                    Age                       
  ----------------- -------- -------- ------- --------
  CTC Positive      36       22       --      --
  CTC Negative        2        9      --      --
  Total             38       31       --      --
  Positivity rate   94.74%   70.97%   7.995   \<0.05

CTC, circulating tumor cells; NSCLC, non-small cell lung cancer.

###### 

Comparison of CTC detection rate between males and females of NSCLC patients.

                    Age                       
  ----------------- -------- -------- ------- --------
  CTC Positive      30       29       --      --
  CTC Negative        5        5      --      --
  Total             35       34       --      --
  Positivity rate   85.71%   85.29%   2.004   \>0.05

CTC, circulating tumor cells; NSCLC, non-small cell lung cancer.

###### 

Correlation between detection rate of different types of CTCs with T staging in NSCLC patients.

                    Different types of CTCs                    
  ------------ ---- ------------------------- ---------------- -----------------
  T1           16   25.00% (4/16)             12.50% (2/16)    68.75% (11/16)
  T2           28   46.43% (13/28)            39.29% (11/28)   89.29% (25/28)
  T3           13   38.46% (5/13)             46.15% (6/13)    100.00% (13/13)
  T4           12   33.33% (4/12)             58.33% (7/12)    100.00% (12/12)
  χ^2^ value   --   2.53                      8.22             6.81
  P-value      --   \>0.05                    \<0.05           \>0.05

CTC, circulating tumor cells; NSCLC, non-small cell lung cancer.

###### 

Correlation between detection rate of different types of CTCs with N stages in NSCLC patients.

                     Different types of CTCs                    
  ------------ ----- ------------------------- ---------------- ----------------
  T1           35    31.43% (11/35)            28.57% (10/35)   88.57% (31/35)
  T2           14    42.86% (6/14)             35.71% (5/14)    78.57% (11/14)
  T3           12    33.33% (4/12)             50.00% (6/12)    75.00% (9/12)
  T4             8   37.50% (3/8)              62.50% (5/8)     75.00% (6/8)
  χ^2^ value   --    1.87                      3.44             0.60
  P-value      --    \>0.05                    \<0.05           \>0.05

CTC, circulating tumor cells; NSCLC, non-small cell lung cancer.

###### 

Correlation between the detection rate of different types of CTCs with M stages in NSCLC patients.

                    Different types of CTCs                    
  ------------ ---- ------------------------- ---------------- ----------------
  M0           53   35.85% (19/53)            32.08% (17/53)   88.68% (47/53)
  M1           16   37.50% (6/16)             62.50% (10/16)   81.25% (13/16)
  χ^2^ value        0.13                      3.99             0.59
  P-value           \>0.05                    \<0.05           \>0.05

CTC, circulating tumor cells; NSCLC, non-small cell lung cancer.

###### 

Correlation between the detection rate of different types of CTCs with pathological stages (I, II, III and IV) in NSCLC patients.

                    Different types of CTCs                   
  ------------ ---- ------------------------- --------------- -----------------
  I            23   34.78% (8/23)             21.74% (5/23)   82.61% (19/23)
  II           18   44.44% (8/18)             27.78% (5/18)   83.33% (15/18)
  III          15   33.33% (5/15)             60.00% (9/15)   100.00% (15/15)
  IV           13   30.77% (4/13)             69.23% (9/13)   84.61% (11/13)
  χ^2^ value   --     1.31                      8.34            1.19
  P-value      --   \>0.05                    \<0.05          \>0.05

CTC, circulating tumor cells; NSCLC, non-small cell lung cancer.

###### 

Correlation between the positive rate of CTCs after surgery with different pathological types in NSCLC patients.

  Pathological types        CTCs positive   CTCs negative   Total   Positive rate
  ------------------------- --------------- --------------- ------- ---------------
  Adenocarcinoma            40              8               48      83.33%
  Squamous cell carcinoma   14              2               16      87.50%
  Large cell carcinoma        1             4                 5     20.00%
  Total                     55              14              69      79.71%
  χ^2^ value                --              --              --      8.362
  P-value                   --              --              --      \<0.05

CTC, circulating tumor cells; NSCLC, non-small cell lung cancer.
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